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(57) A frequency detector implementing a method
capable of detecting a frequency error in a phase locked
loop (PLL) circuit at high speed. The detector includes a
run-length signal detecting unit (320) detecting a run-
length signal from a sampled radio-frequency (RF) signal
in a frequency detection period, based on a predeter-
mined distribution density of the run-length signal; a
counter unit (330) including at least one counter which

FIG. 3

counts the detected run-length signals in the frequency
detection period; an edge counter (310) controlling the
frequency detection period by counting passing edges
of the sampled radio-frequency signal; and a frequency
error generating unit (340) generating a frequency error
in the frequency detection period, using the counting re-
sult output from the at least one counter and a predeter-
mined reference value.
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Description

[0001] The present invention relates to frequency de-
tector in a phase locked loop (hereinafter referred to as
"PLL")circuits, and to frequency error detecting methods.
More particularly, but not exclusively the present inven-
tion relates to frequency detectors and methods for de-
tecting a frequency error in an optical disc reproducing
system at high speed.

[0002] An optical disc reproducing system reproduces
data from an optical disc, such as a compact disc (CD),
a digital versatile disc (DVD), a Blue-Ray disc (BD), or a
high-definition (HD)-DVD. The optical disc reproducing
system requires a sampling clock (or a bit clock), which
is synchronized with a radio-frequency (RF) signal, to
reproduce the RF signal from an optical disc. In the optical
disc reproducing system, the sampling clock is generated
by a PLL circuit.

[0003] The PLL circuit generates a frequency error to
control an oscillating frequency of a controlled oscillator
of the PLL circuit. The frequency error is the difference
between the frequency of a current sampling clock output
from the PLL circuit and a target frequency, and is gen-
erated by a frequency detector in the PLL circuit.
[0004] FIG. 1 illustrates a known frequency detector
installed in the PLL circuit. Referring to FIG. 1, the fre-
guency detector includes a maximum run-length detector
101, an edge counter 102, a buffer 103, first and second
comparators 104_1and 104_2, an adder 105, and a mul-
tiplexer 106. When receiving a sampled RF signal, the
maximum run-length detector 101 detects a maximum
run-length mark. The sampled RF signal is received from
an analog-to-digital converter (ADC) (not shown) in-
stalled in the PLL circuit.

[0005] Asillustrated in FIG. 2, the sampled RF signal
has a series of blocks, each having a fixed length. FIG.
2 is a diagram of the series of blocks. Referring to FIG.
2, a head of each block is constructed using a synchro-
nization pattern. The synchronization pattern includes at
least one maximum run-length mark. The maximum run-
length detector 101 of FIG. 1 detects a maximum run-
length mark from the synchronization pattern. The edge
counter 102 counts passing edges (rising edges and fall-
ing edges) of the sampled RF signal to control a frequen-
cy detection period. Thus, a predetermined value is set
inthe edge counter 102 such that the frequency detection
period has at least a synchronization pattern.

[0006] When the counting result reaches the predeter-
mined value, the edge counter 102 provides a positive
pulse to the maximum run-length detector 101, the buffer
103, and the multiplexer 106. Then, the maximum run-
length detector 101 is cleared to start detecting a maxi-
mum run-length in a subsequent frequency detection pe-
riod. The buffer 103 loads the maximum run-length from
the maximum run-length detector 101 and the positive
pulse from the edge counter 102.

[0007] The first and second comparators 104_1 and
104_2 compare the maximum run-length loaded into the
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buffer 103 with a predetermined run-length. The first
comparator 104_1 outputs "-1" when the maximum run-
length loaded into the buffer 103 is greater than the pre-
determined run-length, and outputs "0" otherwise. The
second comparator 104_2 outputs "+1" when the loaded
maximum run-length is less than the predetermined run-
length, and outputs "0" otherwise. The predetermined
run-length is a maximum run-length.

[0008] The maximum run-length loaded into the buffer
103 is greater than the predetermined run-length when
a sampling clock frequency of the sampled RF signal is
greater than a target frequency. In this case, the adder
105 outputs "-1". The maximum run-length loaded into
the buffer 103 is less than the predetermined run-length
when the sampling clock frequency of the sampled RF
signal is less than the target frequency. In this case, the
adder 105 outputs "+1". If the maximum run-length load-
ed into the buffer 103 is equal to the predetermined run-
length, the adder 105 outputs "0". Whenever receiving a
positive pulse from the edge counter 102, the multiplexer
106 outputs an output of the adder 105 as a frequency
error.

[0009] As described above, the frequency detector il-
lustrated in FIG. 1 detects a maximum run-length mark
from a synchronization pattern and generates a frequen-
cy error. However, a maximum run-length is not detected
often. For instance, one or two maximum run-length
marks may be detected from each block illustrated in
FIG. 2. Accordingly, a frequency detection period con-
trolled by the edge counter 102 must be set such that at
least a maximum run-length mark is detected therein.
Thus, there is a drawback in reducing a frequency error
detection period when using the frequency detector of
FIG. 1, thereby preventing a frequency error from being
detected at high speed.

[0010] Also, a maximum run-length may be affected
by noise or inter-symbol interference (ISl). Thus, the per-
formance of the frequency detector of FIG. 1 may de-
grade in an environment where a signal-to-noise ratio
(SNR) is low and/or inter-symbol interference (ISI) is
high.

[0011] Accordingly, when using a PLL circuit with the
frequency detector of FIG. 1 in an apparatus such as a
high-density optical disc reproducing system in which the
SNR is low and the ISl is high, the performance of the
frequency detector may not be adequate.

[0012] It is an aim of preferred embodiments of the
present invention to provide a frequency detector in a
PLL circuit and a frequency error detecting method,
which are capable of precisely detecting a frequency er-
ror even under an environment in which a signal-to-noise
ratio (SNR) is low and inter-symbol interference (ISI) is
high.

[0013] According toan aspectofthe presentinvention,
there is provided a frequency detector for an optical disc
reproducing system, comprising: a run-length signal de-
tecting unit which detects run-length signals from a sam-
pled radio-frequency signal in a frequency detection pe-
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riod, based on a predicted distribution density of the run-
length signal; a counter unitincluding atleast one counter
which counts the detected run-length signals in the fre-
guency detection period; an edge counter which counts
passing edges of the sampled radio-frequency signal to
control the frequency detection period; and a frequency
error generating unit which generates a frequency error
in the frequency detection period, using the counting re-
sult output from the at least one counter and a predeter-
mined reference value.

[0014] According to another aspect of the present in-
vention there is provided a frequency detector for an op-
tical disc reproducing system, comprising a run-length
signal detecting unit which divides a run-length region
into at least two run-length regions based on a predicted
distribution density of run-length signals, and detects a
run-length signal from a sampled radio-frequency signal
by each divided run-length region in a frequency detec-
tion period; a counter unitincluding a plurality of counters
to count the detected run-length signals for each run-
length region in the frequency detection period; an edge
counter which counts passing edges of the sampled ra-
dio-frequency signal and controls the frequency detec-
tion period according to the counting result; and a fre-
guency error generating unit which generates a frequen-
cy error inthe frequency detection period, using a counter
value of each of the plurality of the counters and a pre-
determined reference value of each run-length region.
[0015] According to yet another aspect of the present
invention there is provided a frequency detector for an
optical disc reproducing system, comprising a run-length
signal detecting unit which detects high-frequency run-
length signals from a sampled radio-frequency signal,
based on a predicted distribution density of run-length
signals; a counter which counts run-length signals de-
tected by the run-length signal detecting unitin a frequen-
cy detection period; an edge counter counts passing edg-
es of the sampled radio-frequency signal and controls
the frequency detection period according to the counting
result; and a frequency error generating unit which gen-
erates afrequency errorinthe frequency detection period
using a counter value output from the counter and a pre-
determined predicted value.

[0016] According to still another aspect of the present
invention there is provided a method of detecting a fre-
guency error suitable for use in an optical disc reproduc-
ing system, includes dividing a run-length region, in which
arun-length signal is to be detected, into at least two run-
length regions based on a predicted distribution density
of a run-length signal; detecting run-length signals from
a sampled radio-frequency signal according to each run-
length region; counting the run-length signals detected
in each divided run-length region; and selecting and out-
putting a frequency error in the frequency detection pe-
riod from a plurality of predetermined frequency errors,
based on a comparison of a number of run-length signals
counted in each run-length region and a predetermined
threshold of each divided run-length region.
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[0017] According to still another aspect of the present
invention there is provided a method of detecting a fre-
guency error in an optical disc reproducing system, com-
prising: detecting high-frequency run-length signals from
a sampled radio-frequency signal, based on a predicted
distribution density of run-length signals including high-
frequency and other run-length signals; counting the
high-frequency run-length signals detected in a frequen-
cy detection period to produce a counting result; and gen-
erating a frequency error in the frequency detection pe-
riod, using the counting result and a predicted value of
the high-frequency run-length signal.

[0018] According to still another aspect of the present
invention a frequency detector in an optical disc repro-
ducing system, comprising: a run-length signal detecting
unit which detects lengths of run-length signals of a sam-
pled radio-frequency signal and separates the run-length
signals into corresponding run-length regions according
to the detected lengths; a plurality of counter units cor-
responding to the number of run-length regions to gen-
erate a counting result, each counter unit to count the
detected run-length signals separated into the corre-
sponding run-length region to provide a region counting
result included in the counting result; and a frequency
error generating unit which generates a frequency error
using the counting result.

[0019] According to still another aspect of the present
invention a method of detecting a frequency error in an
optical disc reproducing system, comprising: detecting
run-length signals from a sampled radio-frequency sig-
nal; assigning each of the detected run-length signals
one of a plurality of run-length regions having a length
corresponding to the detected run-length signals; count-
ing the run-length signals detected in each run-length
region; and outputting a frequency error based on a com-
parison of a number of run-length signals counted in each
run-length region.

[0020] According to still another aspect of the present
invention there is provided an optical disc reproducing
system including the apparatus or employing the method
of any other aspect of the invention.

FIG. 1 is a block diagram of a known frequency de-
tector;

FIG. 2 is a block diagram of a series of blocks;

FIG. 3 is a block diagram of a frequency detector
according to an embodiment of the present inven-
tion;

FIG. 4 is a graph illustrating a run-length distribution
density estimated according to channel coding char-
acteristics of an optical disc reproducing system,
useful with embodiments of the present invention;

FIG. 5is a graph illustrating a run-length distribution
density versus a run-length region divided by a run-
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length region boundary value, useful with embodi-
ments of the present invention;

FIG. 6 is a detailed block diagram of the run-length
signal detecting unit of FIG. 3;

FIG. 7 is a graph illustrating a run-length distribution
density versus a run-length region divided by a pre-
determined boundary value when the frequency of
a sampling clock of an optical disc reproducing sys-
tem, which is output from a PLL circuit, is less than
a target frequency;

FIG. 8isagraphillustrating the relationship between
an actual number of run-length signals, a predicted
number thereof, and a threshold based on the pre-
dicted number in each run-length region in the run-
length distribution density of FIG. 7;

FIG. 9is a graph illustrating a run-length distribution
density versus a run-length region divided by a pre-
determined boundary value when the frequency of
a sampling clock of an optical disc reproducing sys-
tem, which is output from a PLL circuit, is greater
than a target frequency;

FIG. 10 is a graph illustrating the relationship be-
tween an actual number of run-length signals, a pre-
dicted number thereof, and a threshold based on the
predicted number in each run-length region in the
run-length distribution density of FIG. 9;

FIG. 11 is a detailed block diagram of a frequency-
error generating unit of FIG. 3;

FIG. 12 is a block diagram of a frequency detector
according to another embodiment of the present in-
vention;

FIG. 13 is a detailed block diagram of a run-length
signal detecting unit of FIG. 12;

FIG. 14 is a detailed block diagram of a frequency-
error generating unit of FIG. 12;

FIG. 15 is a flowchart illustrating a method of detect-
ing a frequency error according to another embodi-
ment of the present invention;

FIG. 16 is a flowchart illustrating a method of detect-
ing a frequency error according to yet another em-
bodiment of the present invention; and

FIG. 17 is a block diagram of a recording and/or re-
producing apparatus according to an embodiment
of the present invention.

[0021] FIG.3isablockdiagram of afrequency detector

10

15

20

25

30

35

40

45

50

55

according to an embodiment of the present invention.
Referring to FIG. 3, the frequency detector includes an
edge counter 310, a run-length signal detecting unit 320,
a counter unit 330, and a frequency-error generating unit
340. A sampled radio-frequency (RF) signal may be re-
ceived from an analog-to-digital converter (ADC) (not
shown) installed in a PLL circuit (not shown) with the
frequency detector of FIG. 3. Alternately, the RF signal
can be received from a signal processing circuit, (such
as a DC component remover) which is connected to an
output terminal of the ADC. The ADC samples an input
RF signal and outputs the sampled RF signal.

[0022] Uponreceiving the sampled RF signal, the edge
counter 310 counts passing edges of the sampled RF
signal to control a frequency detection period. The pass-
ing edges include rising edges and falling edges of the
sampled RF signal. When the counting result reaches a
predetermined value, the edge counter 310 outputs a
signal having a positive pulse to control the frequency
detection period. Also, after outputting the signal with the
positive pulse, the edge counter 310 clears the counting
result and counts passing edges of a subsequently sam-
pled RF signal to control a subsequent frequency detec-
tion period. When the counting result does not reach the
predetermined value, the edge counter 310 outputs "0".
The signal with the positive pulse is transmitted to the
counter unit 330 and the frequency-error generating unit
340.

[0023] If the predetermined value is a large value, the
accuracy of the counting result is increased but a speed
of detecting a frequency error is reduced. In contrast, if
the predetermined value is a small value, the accuracy
of the counting result is low but the speed of detecting a
frequency error is increased. Accordingly, the predeter-
mined value is suitably determined based on arange that
allows evaluation of the distribution density of a run-
length signal versus the sample RF signal.

[0024] Therun-length signal detecting unit 320 detects
run-length signals from the RF signal that is sampled
based on the distribution density of the run-length esti-
mated according to channel coding characteristics of the
optical disc reproducing system. Specifically, the run-
length signal detecting unit 320 partitions the sampled
RF signal into at least two run-length regions. The parti-
tionis based on the estimated run-length distribution den-
sity. The run-length signal detecting unit 320 then clas-
sifies and detects run-length signals of the RF signals
sampled in the frequency detection period according to
the corresponding run-length regions.

[0025] Inthe shown embodiment, the run-length signal
detecting unit 320 divides the run-length region by 1T
into n-1 run-length regions from a 2T run-length region
to an nT run-length, and other run-length regions includ-
ing run-lengths except 2T through nT run-lengths. In oth-
er words, assuming the distribution density of the run-
length estimated according to the channel coding char-
acteristics of the optical disc reproducing system as il-
lustrated in FIG. 4, the run-length signal detecting unit
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320 divides the run-length region into n run-length re-
gions, using a predetermined run-length region boundary
value 2T_up, 3T_up, ..., NT_up, as illustrated in FIG. 5.
[0026] Here, n may be determined based on a maxi-
mum run-length of the various types of optical discs avail-
able in an optical disc reproducing system in which the
frequency detector is to be used. For instance, when a
compact disc (CD), a digital versatile disc (DVD), a blue-
ray disc (BD), and a high-definition (HD)-DVD are avail-
able in the optical disc reproducing system, a maximum
run-length of the CD is 11T, a maximum run-length of
the DVD is 11T, a maximum run-length of the BD is 8T,
and a maximum run-length of the HD-DVD is 11T. There-
fore, n may be set to 11. Further, if compatibility is not
needed with plural media, n can be set for only that media.
[0027] According to another embodiment, the run-
length signal detecting unit 320 divides the run-length
region into a run-length region corresponding to a mini-
mum run-length (e.g., 2T) and a run-length region that
covers all the other run-lengths except the minimum run-
length, and detects the run-length signal from the sam-
pled RF signal. According to another embodiment, the
run-length signal detecting unit 320 divides the run-length
region into a run-length region corresponding to a run-
length in which a run-length signal is most frequently de-
tected, and a run-length region that covers the other run-
lengths except the most frequently detected run-length
signal, and detects a run-length signal from the sampled
RF signal. Although FIGs. 4 and 5 illustrate that the min-
imum run-length 2T is a most frequently detected run-
length, a run-length, other than the minimum run-length
2T may be the most frequently detected run-length ac-
cording to other embodiments.

[0028] An example of the run-length signal detecting
unit 320 is constructed as illustrated in FIG. 6. Referring
to FIG. 6, the run-length signal detecting unit 320 includes
a zero-crossing point detecting unit 610, a run-length sig-
nal detecting unit 620, and an enable signal generating
unit 630. The zero-crossing point detecting unit 610 de-
tects a zero crossing point of a sampled RF signal. As
shown, the zero-crossing point detecting unit 610 in-
cludes a sign selector 611, a first delayer 612, an XOR
gate 613, a second delayer 614, and an AND gate 615.
The sign selector 611 transforms the sample RF signal
into arectangular shaped signal. Thatis, the sign selector
611 outputs "1" when the sampled RF signal is positive,
and outputs "0" when the sampled RF signal is negative.
The firstdelayer 612 delays an output of the sign selector
611 by a sampling clock. The XOR gate 613 performs
an exclusive or operation on outputs of the sign selector
611 and the first delayer 612, and outputs "1" when the
sampled RF signal has a zero crossing point. The second
delayer 614 delays an output of the XOR gate 613 by the
sampling clock. The AND gate 615 performs an AND
operation on the sampling clock of the optical disc repro-
ducing system, which is output from the PLL circuit, and
an output of the second delayer 614. The AND gate 615
outputs a signal with a rising edge when the sampled RF
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signal has a zero crossing point.

[0029] Therun-iength signal detecting unit 620 detects
arun-length signal from the sampled RF signal. Referring
to FIG. 6, the run-length signal detecting unit620includes
an absolute value operation unit 621, a third delayer 622,
a distance operation unit 623, a multiplexer 624, a first
adder 625, a fourth delayer 626, a subtracter 627, and a
second adder 628. The absolute value operation unit 621
computes an absolute value of the sampled RF signal.
The third delayer 622 delays an output of the absolute
value operation unit 621 by the sampling clock. The dis-
tance operation unit 623 computes a distance d between
sampled points, using the output of the absolute value
operation unit 621 and an output of the third delayer 622.
That is, assuming that the one-sampling clock delayed
absolute value output from the third delayer 622 is A and
the non-delayed absolute value output from the absolute
value operation unit 621 is B, the distance operation unit
623 computes the distance d using the following equa-
tion:

B
A+B

d=| XT]

(1,

where T is a fixed integer that denotes a period of the
sampling clock.

[0030] The multiplexer 624 transmits an output of the
distance operation unit 623 at the zero crossing point,
under control by the output of the XOR gate 613. At a
point, not the zero crossing point, the multiplexer 624
transmits a signal received from the first adder 625. The
fourth delayer 626 delays an output of the multiplexer
624 by the sampling clock. The first adder 625 adds 1T
to the output of the multiplexer 624 and transmits the
addition result to the multiplexer 624 at the point, other
than the zero crossing point.

[0031] The subtracter 627 subtracts the output of the
distance operation unit 623 from 1T. The second adder
628 adds an output of the subtracter 627 to an output of
the fourth delayer 626. The addition result corresponds
to the run-length signal detected from the sampled RF
signal. The multiplexer 624, the firstadder 625, the fourth
delayer 626, the subtracter 627, and the second adder
628 may be defined as a logic circuit 629 that detects the
run-length signal by summing up 1T between zero cross-
ing points using the outputs of the XOR gate 613 and the
distance operation unit 623.

[0032] Referring to FIG. 6, the enable signal generat-
ing unit 630 generates an enable signal for a run-length
region corresponding to the detected run-length signal,
using a signal output from the zero-crossing point detect-
ing unit 610, a signal output from the run-length signal
detecting unit 620, and the predetermined run-length re-
gion boundary value 2T_up, 3T_up, ..., nT_up. To gen-
erate the enable signal, asillustrated in FIG. 6, the enable
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signal generating unit 630 includes a comparison array
631 and an AND gate array 632. However, other arrays
can be used in other embodiments of the invention and
according to other run-length region definitions.

[0033] The comparison array 631 compares the signal
output from the run-length signal detecting unit 620 with
the predetermined run-length region boundary value 2T_
up, 3T_up, ..., nT_up using a plurality of comparators
631_1 through 631_n. The comparison array 631 prima-
rily checks the run-length region corresponding to the
detected run-length signal according to the comparison
result. For instance, if the run-length signal detected by
the run-length signal detecting unit 620 is generated be-
tween 2T and 3T, the logic level of a signal output from
the comparator 631_1 is different from those of signals
output from the other comparators 631_2 through 631_n.
If the run-length signal detected by the run-length signal
detecting unit 620 is generated between 3T and 4T, the
logic levels of the signals output from the comparators
631_1 and 631_2 are different from those of the signals
output from the other comparators 631_3 through 631_n.
[0034] The AND gate array 632 generates an enable
signal for the run-length region corresponding to the run-
length signal detected by the run-length signal detecting
unit 620. Specifically, the AND gate array 632 generates
the enable signal by performing an AND operation on a
signal output from a corresponding comparator of the
comparison array 631, the signal output from the zero-
crossing point detecting unit 610, and a signal output
from a comparator adjacent to the corresponding com-
parator, using a plurality of AND gates 632_1 through
632_n. For instance, when the run-length signal detected
by the run-length signal detecting unit 620 is generated
between 2T and 3T, the signal output from the compa-
rator 631_1 is at a logic high level and the signal output
from the comparator 631_2 is at a logic low level. In this
case, when the OR gate 615 of the zero-crossing point
detecting unit 610 outputs a signal with a rising edge,
only a 3T signal output via the AND gate 632_2 of the
AND gate array 632 has a positive pulse.

[0035] Asanotherexample, whentherun-length signal
detected by the run-length signal detecting unit 620 is
generated between 3T and 4T, the signals output from
the comparators 631_1 and 631_2 are at a logic high
level and the signal output from the comparator 631_3
is at a logic low level. In this case, when the OR gate 615
of the zero-crossing point detecting unit 610 outputs a
signal with a rising edge, only a 4T signal output via the
AND gate 632_3 ofthe AND gate array 632 has a positive
pulse.

[0036] In this case, unlike the AND gates 632_2
through 632_n, the AND gate 632_1 corresponding to a
2T signal does not consider the output of the comparator
adjacent to the corresponding comparator. A run-length
region boundary value set in the comparator adjacent to
the corresponding comparator is smaller than that set in
the corresponding comparator. For instance, in the case
of the AND gate 632_2, the corresponding comparator
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is the comparator 631_2 and the adjacent comparator is
the comparator 631_1.

[0037] Enable signals output from the enable signal
generating unit 630 are transmitted to the counter unit
330. The counter unit 330 includes at least a counter that
counts the run-length signal detected by the run-length
signal detecting unit 320 during a frequency detection
period. Referring to FIG. 3, the counter unit 330 includes
n counters 330_1 through 330_n, since the run-length
signal detecting unit 320 uses n run-length regions. Ac-
cordingly, a total number of counters to be installed in
the counter unit 330 is determined by a total number of
run-length regions available in the run-length signal de-
tecting unit 320.

[0038] Referringto FIG. 3, run-length regions available
in the run-length signal detecting unit 320 include n-1
run-length regions, from a 2T run-length region to an nT
run-length region, which are divided into 1T units, except
the 2T to nT run-lengths. Therefore, the n counters 330_1
through 330_n include a 2T counter 330_1 correspond-
ingto a 2T run-length, a 3T counter 330_2 corresponding
to a 3T run-length, ..., an nT counter 330_n-1 corre-
sponding to an nT run-length, and the other counter
330_n corresponding to a run-length except the 2T to nT
run-lengths.

[0039] The 2T counter 330_1 counts up whenever the
run-length signal detecting unit 320 outputs a 2T signal
having a positive pulse. The 3T counter 330_2 counts up
whenever the run-length signal detecting unit 320 outputs
a 3T signal having a positive pulse. The nT counter
330_n-1 counts up whenever the run-length signal de-
tecting unit 320 outputs an nT signal having a positive
pulse. The other counter 330_n counts up whenever the
run-length signal detecting unit 320 outputs the other sig-
nal having a positive pulse.

[0040] When the edge counter 310 outputs a signal
having a positive pulse to the counter unit 330, count
values of the 2T through the other counters 330_1
through 330_n are cleared. The count value of the 2T
counter 330_1 indicates the number of 2T run-length sig-
nals generated during the frequency detection period.
The count value of the 3T counter 330_2 indicates the
number of 3T run-length signals generated during the
frequency detection period. The count value of the nT
counter 330_n-1 indicates the number of nT run-length
signals generated during the frequency detection period.
The count value of the other counter 330_n indicates the
number of other run-length signals generated during the
frequency detection period.

[0041] When the run-length signal detecting unit 320
uses two run-length regions, the counter unit 330 may
include two counters, each corresponding to each of the
two run-length regions, and operate as described above.
[0042] The frequency-error generating unit 340 gen-
erates a frequency error in the frequency detection peri-
od, using the count values of the n counters 330_1
through 330_n of the counter unit 330 and predetermined
reference values 2T_thr through other_thr. Each of the
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predetermined reference values 2T_thr through other
thris a threshold that is determined based on an estimat-
ed distribution density of a run-length signal that can be
generated in a corresponding run-length region in the
frequency detection period. That is, when the frequency
of asampling clock of an optical disc reproducing system,
which is output from the PLL circuit, is lower than a target
frequency, a graph shown in FIG. 5 (which illustrates the
distribution density of a run-length signal in each of run-
length regions, which are divided based on the predeter-
mined run-length region boundary values 2T_up, 3T_
up, ..., nT_up) shifts to the left side of the graph as indi-
cated by a dotted line in FIG. 7. Thus, as illustrated in
FIG. 8, except for a number 2T_count of run-length sig-
nals generated in the 2T run-length region, numbers (or
run-length distribution densities) 3T_count through nT_
count and other_count of the other run-length signals
generated in the other run-length regions may be less
than predicted numbers (or predicted run-length distri-
bution densities) 3T_ideal through nT ideal and other_
ideal of the other run-length signals.

[0043] For this reason, a frequency error is detected
using the thresholds 2T_thrthrough other_thr, which are
slightly larger than the predicted numbers (or predicted
run-length distribution densities) 27_ideal through nT_
ideal and other_ideal. FIG. 8 is a graph illustrating the
relationship between an actual number nT_count of run-
length signals generated in each run-length region, a pre-
dicted number nT_ideal of the run-length signals, and a
threshold nT_thr determined based on the predeter-
mined number nT_ideal, when the distribution density of
the run-length signal changes as illustrated in FIG. 7.
[0044] On the other hand, when the frequency of the
sampling clock, output from the PLL circuit, for an optical
disc reproducing system is higher than the target fre-
guency, the graph shown in FIG. 5 shifts to the right side
of the graph, as indicated by dotted lines in FIG. 9. FIG.
10 is a graph illustrating the relationship between an ac-
tual number nT_count of run-length signals generated in
each run-length region, a predicted number nT_ideal of
the run-length signals, and a threshold nT_thr deter-
mined based on the predetermined number nT_ideal,
when the distribution density of the run-length signal in
each run-length region changes as illustrated in FIG. 9.
As illustrated in FIG. 10, the actual number nT_count
may be less than the predicted number nT_idealin arun-
length region corresponding to a short run-length, e.g.,
2T, and the actual number nT_countmay be greater than
the threshold nT_thrthatis determined based on the pre-
dicted number nT_ideal in a run-length region corre-
sponding to a run-length greater than 2T.

[0045] The predetermined reference value may be de-
termined, based on the threshold that is described with
reference to FIGs. 7 through 10 and the actual number
of run-length signals generated.

[0046] FIG. 11 is a detailed diagram of the frequency-
error generating unit 340 according to an embodiment of
the present invention. Referring to FIG. 11, the frequen-
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cy-error generating unit 340 includes a comparison array
1110, a logic table 1120, and a multiplexer 1130. The
comparison array 1110 includes a plurality of compara-
tors 1110_1 through 1110_n that correspond to the plu-
rality of the counters 330_1 through 330_n of the counter
unit 330, respectively. The comparators 1110_1 through
1110_n compare a counter value of each of the counters
330_1 through 330_n with the predetermined reference
value 2T_thr, ..., other throf a corresponding run-length
region. The comparators 1110_1 through 1110_n output
signals input [n-1] through input [0], which are indicative
of the comparison results, to the logic table 1120.
[0047] The logic table 1120 selects and outputs one
of a plurality of predetermined frequency errors, in re-
sponse to the signals input [n-1] through input [0]. As
illustrated in FIG. 11, the logic table 1120 has a structure
by connecting each combination of bits that can be gen-
erated according to the comparison results output from
the comparison array 1110 and a frequency error corre-
sponding to each combination of bits. A frequency error
output from the logic table 1120 is transmitted to the mul-
tiplexer 1130. It is understood that the logic table 1120
can store these combinations in a memory of the logic
table 1120 or can recall the logic table 1120 e.g. from
another memory included in a recording and/or repro-
ducing apparatus.

[0048] When an output enable signal out_en for con-
trolling the frequency detection period from the edge
counter 310 is provided, the multiplexer 1130 transmits
a signal output from the logic table 1120 as a frequency
error. As described above with respect to the edge coun-
ter 310, the output enable signal out_en is applied as a
positive-pulse signal. When the output enable signal out
en is not provided, the multiplexer 1130 transmits "0".
[0049] FIG. 12 is a block diagram of a frequency de-
tector according to another embodiment of the present
invention. Referring to FIG. 12, the frequency detector
includes a run-length signal detecting unit 1201, an edge
counter 1202, a counter 1203, and a frequency error gen-
erating unit 1204. The run-length signal detecting unit
1201 detects a high-frequency run-length signal from a
sampled RF signal, based on the predicted distribution
density of the run-length signal according to the channel
coding characteristics of an optical disc reproducing sys-
tem, which is described with reference to FIG. 3.

[0050] Therun-length signal detecting unit 1201 is con-
structed as illustrated in FIG. 13. FIG. 13 is a detailed
block diagram of the run-length signal detecting unit 1201
according to an embodiment of the present invention.
Referring to FIG. 13, the run-length signal detecting unit
1201 includes a zero crossing point detecting unit 1310,
a run-length signal detecting unit 1320, and an enable
signal generating unit 1330. The zero crossing point de-
tecting unit 1310 detects a zero crossing point of the sam-
pled RF signal. The zero crossing point detecting unit
1310 includes a sign selector 1311, a first delayer 1312,
an XOR gate 1313, a second delayer 1314, and an AND
gate 1315. The construction of the zero crossing point
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detecting unit 1310 is similar to that of the zero-crossing
point detecting unit 610 of FIG. 6 in the shown embodi-
ment.

[0051] The run-length signal detecting unit 1320 de-
tects the run-length signal from the sampled RF signal.
The run-length signal detecting unit 1320 includes an ab-
solute value operation unit 1321, a delayer 1322, a dis-
tance operation unit 1323, and a logic circuit 1329. The
construction of the run-length signal detecting unit 1320
is similar to that of the run-length signal detecting unit
620 of FIG. 6 in the shown embodiment.

[0052] The enable signal generating unit 1330 gener-
ates an enable signal based on whether the high-fre-
qguency run-length signal is detected, using the result of
comparing a least upper bound xT_up and a greatest
lower bound xT_Jlow determined based on the high fre-
quency run-length signal with the run-length signal de-
tected by the run-length signal detecting unit 1320, and
the signal output from the zero crossing point detecting
unit 1310. Therefore, as illustrated in FIG. 13, the enable
signal generating unit 1330 includes a first comparator
1331 that compares the least upper bound xT_up with
an output of the run-length signal detecting unit 1320; a
second comparator 1332 that compares the greatest low-
er bound xT_Jow with the output of the run-length signal
detecting unit 1320; and an AND gate 1333 that performs
an AND operation on outputs of the zero crossing point
detecting unit 1310 and the first and second comparators
1331 and 1332 and outputs an enable signal xTsignal
as the operation result.

[0053] For instance, if a run-length in which the run-
length signalis generated most frequently, is 2T, the least
upper bound xT_up and the greatest lower bound xT_
low may be set to 2.5T and 0, respectively. If the run-
length in which the run-length signal is generated most
frequently is greater than 2T, the least upper bound xT_
up may be set to a very large value or an infinite value,
and the greatest lower bound xT_/lowmay be setto 2.5T.
[0054] The operation of the edge counter 1202 is the
same as that of the edge counter 310 of FIG. 3 in the
shown embodiment. The counter 1203 counts run-length
signals detected by the run-length signal detecting unit
1201 in the frequency detection period, and transmits the
counting result to the frequency error generating unit
1204. The counting result of the counter 1203 is cleared
by the edge counter 1202. The frequency error generat-
ing unit 1204 generates a frequency error in the frequen-
cy detection period, using the counting result output from
the counter 1203 and a predetermined predicted value.
[0055] FIG. 14 is a detailed circuit diagram of the fre-
guency error generating unit 1204 for use in an embod-
iment of the present invention. Referring to FIG. 14, the
frequency error generating unit 1204 includes a subtract-
er 1401, an amplifier 1402, and a multiplexer 1403. The
subtracter 1401 subtracts a counter value xT_count,
which is output from the counter 1203, from a predeter-
mined predicted value xT_ideal. The counter value xT_
count indicates a number of high-frequency run-length

10

15

20

25

30

35

40

45

50

55

signals generated in the frequency detection period. The
predetermined predicted value indicates a predicted
number xT_ideal (or a predicted distribution density) of
run-length signals generated in a run-length region cor-
responding to a run-length in which a run-length signal
is generated most frequently. The predetermined pre-
dicted value may be defined as a predetermined refer-
ence value that is different from the predetermined ref-
erence value described with respect to FIG. 3.

[0056] The amplifier 1402 amplifies the subtracting re-
sult output from the subtracter 1401 to a predetermined
value according to a predetermined gain. When an output
enable signal out_en for controlling the frequency detec-
tion period from the edge counter 1202 is provided, the
multiplexer 1403 transmits an output of the amplifier 1402
as a frequency error. The output enable signal out_en
may be a positive pulse signal. The multiplexer 1403 out-
puts "0" when the output enable signal out_enis not pro-
vided.

[0057] FIG. 15 is a flowchart illustrating a method of
detecting a frequency error according to another embod-
iment of the present invention. Referring to FIGs. 3 and
15, as described above with respect to the run-length
signal detecting unit 320 of FIG. 3, a run-length region in
which a run-length signal can be detected, is divided into
at least two run-length regions, based on the distribution
density of the run-length signal which is predicted ac-
cording to the channel coding characteristics of an optical
disc reproducing system (1501). A run-length signal is
detected from a sampled RF signal by each run-length
region (1502). Run-length signals detected are counted
in each run-length region, as described above with ref-
erence to the counter unit 330 of FIG. 3 (1503). A fre-
quency error in a frequency detection period is selected
and output from a plurality of predetermined frequency
errors, based on a comparison of the counting result for
each run-length region and a predetermined reference
value for each run-length (1504 and 1505). The prede-
termined reference value is equal to the predetermined
reference value used by the frequency-error generating
unit 340 of FIG. 3.

[0058] FIG. 16 is a flowchart illustrating a method of
detecting a frequency error according to another embod-
iment of the present invention. Referring to FIGs. 12 and
16, as described above with respect to the run-length
signal detecting unit 1201 of FIG. 12, a run-length signal
of high frequency is detected from a sampled RF signal,
based on the distribution density of a run-length signal
predicted according to the channel coding characteristics
of an optical disc reproducing system (1601). A number
of run-length signals of high frequency detected in the
frequency detection period, is counted, as described
above with reference to the counter 1203 of FIG. 12
(1602). A frequency error in the frequency detection pe-
riod is generated, using the counting result and a pre-
dicted value of the run-length signal of high frequency
(1603). The frequency error is generated by subtracting
the counting result from the predicted value, as described
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above with respect to the frequency error generating unit
1204 of FIG. 12.

[0059] Itisunderstood thatthe values used by the logic
table 1120, the thresholds 2T_thr, ..., other_thr, and oth-
er predetermined numbers can be adjusted and/or up-
dated according to usage of the apparatus and/or through
software updates in order to increase the accuracy of the
frequency error detection and/or the predicted distribu-
tion density.

[0060] A program that executes a method of detecting
a frequency error according to the present invention can
be embodied as computer readable code in at least one
computer readable medium. Here, the computer reada-
ble medium may be any recording apparatus capable of
storing data thatis read by a computer system, e.g., read-
only memory (ROM), random access memory (RAM), a
compact disc (CD)-ROM, a magnetic tape, a floppy disk,
an optical data storage device, and so on. Also, the com-
puter readable medium may be a carrier wave that trans-
mits data via the Internet, for example. The computer
readable medium can be distributed among computer
systems that are interconnected through a network, and
the present invention may be stored and implemented
as a computer readable code in the distributed system.
[0061] As described above, according to the present
invention, a frequency error is generated by collecting
run-length information from an RF signal sampled based
on the distribution density of a run-length signal, which
is predicted according to the channel coding character-
istics of an optical disc reproducing system. Accordingly,
itis possible to more rapidly detect a frequency error than
when using a conventional method.

[0062] Also, a frequency error is generated by collect-
ing information regarding a run-length in which a run-
length signal is detected more frequently, as run-length
information regarding the sampled RF signal, based on
the predicted distribution density of the run-length signal,
thereby realizing a frequency detector that is less sensi-
tive to noise and inter-symbol interference (ISI). Accord-
ingly, it is possible to improve the frequency error detect-
ing performance of a PLL circuit in a system, such as a
high-density optical disc reproducing system, which has
low noise characteristics and high ISI characteristics.
[0063] FIG. 17 isablock diagram of a recording and/or
reproducing apparatus according to an embodiment of
the present invention. Referring to FIG. 17, the recording
apparatus includes a recording/reading unit 1701, a con-
troller 1702, and a memory 1703. The recording/reading
unit 1701 records data on a disc 1700, and reads the
data from the disc 1700. The controller 1702 records and
reproduces disc related data using the PLL circuit ac-
cording to the present invention as set forth above in
relation to FIGs. 3 through 16.

[0064] Incertain embodiments, the controller 1702 can
be computer implementing the method using a computer
program encoded on a computer readable medium. The
computer can be implemented as a chip having firmware,
or can be a general or special purpose computer pro-
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grammable to perform the method.

[0065] In addition, it is understood that, in order to
achieve arecording capacity of several dozen gigabytes,
therecording/reading unit 1701 could include alow wave-
length, high numerical aperture type unit usable to record
dozens of gigabytes of data on the disc 1700. Examples
of such units include, but are not limited to, those units
using light wavelengths of 405 nm and having numerical
apertures of 0.85, those units compatible with Blu-ray
discs, and/or those units compatible with Advanced Op-
tical Discs (AOD).

[0066] While this invention has been particularly
shown and described with reference to exemplary em-
bodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may
be made therein without departing from the scope of the
invention as defined by the appended claims

[0067] Attention is directed to all papers and docu-
ments which are filed concurrently with or previous to this
specification in connection with this application and which
are open to public inspection with this specification, and
the contents of all such papers and documents are in-
corporated herein by reference.

[0068] All of the features disclosed in this specification
(including any accompanying claims, abstract and draw-
ings), and/or all of the steps of any method or process
so disclosed, may be combined in any combination, ex-
cept combinations where at least some of such features
and/or steps are mutually exclusive.

[0069] Each feature disclosed in this specification (in-
cluding any accompanying claims, abstract and draw-
ings) may be replaced by alternative features serving the
same, equivalent or similar purpose, unless expressly
stated otherwise. Thus, unless expressly stated other-
wise, each feature disclosed is one example only of a
generic series of equivalent or similar features.

[0070] The invention is not restricted to the details of
the foregoing embodiment(s). The invention extends to
any novel one, or any novel combination, of the features
disclosed in this specification (including any accompa-
nying claims, abstract and drawings), or to any novel one,
or any novel combination, of the steps of any method or
process so disclosed.

Claims

1. A frequency detector in an optical disc reproducing
system, comprising:

a run-length signal detecting unit (320) which
detects run-length signals from a sampled radio-
frequency signal in a frequency detection peri-
od, based on a predicted distribution density of
run-length signals;

a counter unit (330) including at least one coun-
ter (330_1-330_n) which counts the detected
run-length signals in the frequency detection pe-



17

riod;

an edge counter (310) which counts passing
edges of the sampled radio-frequency signal to
control the frequency detection period; and

a frequency error generating unit (340) which
generates a frequency error in the frequency de-
tection period, using the counting result output
fromthe atleast one counter (330_1-330_n) and
a predetermined reference value.

The frequency detector of claim 1, wherein the run-
length signal detecting unit (320) detects the run-
length signals from the sampled RF signal according
to a corresponding run-length regions into which the
run-length signals are divided based on the predicted
distribution density.

The frequency detector of claim 1 or 2, wherein each
of the run-length regions corresponds to at least one
XT run-length, where x is an integer from 2 to n, and
n is determined according to maximum run-lengths
of various types of discs compatible with an optical
disc reproducing system.

The frequency detector of claim 3, wherein the run-
length regions further comprise at least one other
run-length which covers run-lengths except the 2T
to nT run-lengths.

The frequency detector of any one of claims 1-4,
wherein the counter unit (330) comprises a total
number of the counters equal to a number of run-
length regions used by the run-length signal detect-
ing unit.

The frequency detector of claim 5, wherein:

each of the counters (330_1-330_n) counts a
value which corresponds to a number of run-
length signals generated in the corresponding
run-length region,

the predetermined reference value is a thresh-
old determined based the predicted distribution
density of run-length signals to be generated in
the corresponding run-length regions in the fre-
guency detection period, and

the frequency error generating unit (340) gen-
erates the frequency error, based on a compar-
ison of, for each of the run-length regions, the
counter value assigned to the run-length region
and the corresponding predetermined reference
value.

The frequency detector of any preceding claim,
wherein the run-length signal detecting unit (320) de-
tects a high-frequency run-length signal from the
sampled radio-frequency signal, based on the pre-
dicted distribution density of the run-length signal.
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The frequency detector of claim 7, wherein:

the counter unit comprises a counter,

the predetermined reference value corresponds
to the predicted distribution density of the high-
frequency run-length signal , and

the frequency error generating unit generates
the frequency error using a signal corresponding
to a value obtained by subtracting the counter
value from the predetermined reference value.

The frequency detector of any preceding claim,
wherein the edge counter counts the passing edges
using a predetermined value which is determined
based on a range which allows evaluation of the dis-
tribution density of the run-length signals with re-
spect to the sampled RF signal.

A frequency detector for an optical disc reproducing
system, comprising:

a run-length signal detecting unit (320) which
divides a run-length region into at least two run-
length regions based on a predicted distribution
density of run-length signals, and detects a run-
length signal from a sampled radio-frequency
signal by each divided run-length region in a fre-
gquency detection period;

a counter (330) unit including a plurality of
counters (330_1-330_n) which counts the de-
tected run-length signals for each divided run-
length region in the frequency detection period,;
an edge counter (310) which counts passing
edges of the sampled radio-frequency signal
and controls the frequency detection period ac-
cording to the counting result; and

a frequency error generating unit (340) which
generates a frequency error in the frequency de-
tection period, using a counter value of each of
the plurality of the counters (330_1-330_n) and
a predetermined reference value of each run-
length region.

The frequency detector of claim 10, wherein each of
the run-length regions corresponds to at least one
XT run-length, where x is an integer from 2 to n and
n is determined according to maximum run-lengths
of various types of discs available in an optical disc
reproducing system.

The frequency detector of claim 11, wherein the run-
length regions further comprise another run-length
which covers run-lengths except the 2T to nT run-
lengths.

The frequency detector of claim 10, 11 or 12, wherein
the run-length signal detecting unit (320) comprises:
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a zero crossing point detecting unit (610) ar-
ranged to detect a zero crossing point of the
sampled radio-frequency signal;

arun-length signal detecting unit (620) arranged

system.

20

a multiplexer (624) which transmits the output
of the distance operation unit (623) at the zero
crossing point using the output of the XOR gate
(613);

to detect the run-length signal from the sampled 5 a fourth delayer (626) which delays an output of
radio-frequency signal; and the multiplexer (624);
an enable signal generating unit (630) which a first adder (625) which outputs a sum of 1T
generates an enable signal for the run-length and an output of the fourth delayer (626) to the
region corresponding to the detected run-length multiplexer so that a sum is transmitted via the
signal using a signal output from the zero cross- 10 multiplexer at a point other than the zero cross-
ing point detecting unit (610), a signal output ing point;
from the run-length signal detecting unit (610), a subtracter (627) which subtracts the output of
and a predetermined run-length region bound- the distance operation unit (623) from 1T; and
ary value; and outputs the enable signal to the a second adder (628) which adds an output of
counter unit (330) corresponding to the run- 15 the subtracter (627) and the output of the fourth
length region of the detected run-length signal. delayer (626) and outputs the addition result as
the detected run-length signal.
14. The frequency detector of claim 13, wherein the zero
crossing point detecting unit (610) comprises: 17. The frequency detector of claim 13, 14, 15 or 16,
20 wherein the enable signal generating unit (630) com-
a sign selector (611) which transforms the sam- prises:
pled radio-frequency signal into a rectangular
shaped signal; a comparison array (631) which compares the
a first delayer (612) which delays an output of signal output from the run-length signal detect-
the sign selector (611); 25 ing unit (620) and the predetermined run-length
an XOR gate (612) performing an XOR opera- region boundary value using a plurality of com-
tion on the output of the sign selector (611) and parators, and checks the run-length region cor-
an output of the first delayer (612); responding to the detected run-length signal;
a second delayer which delays an output of the and
XOR gate (613); and 30 an AND gate array (632) which performs an AND
an AND gate (615) performing an AND operation operation on a signal output from a correspond-
on a sampling clock of an optical disc reproduc- ing comparator in the comparison array, the sig-
ing system and an output of the second delayer nal output from the zero crossing point detecting
(614). unit, and a signal output from a comparator ad-
35 jacent to the corresponding comparator, using
15. The frequency detector of claim 14, wherein the run- a plurality of AND gates; re-checks the run-
length signal detecting unit (620) comprises: length region corresponding to the detected run-
length signal; and generates the enable signal
an absolute value operation unit (621) which according to the checked results.
computes an absolute value of the sampled ra- 40
dio-frequency signal; 18. The frequency detector of claim 10, wherein the fre-
a third delayer (622) which delays an output of quency error generating unit (340) comprises:
the absolute value operation unit (621);
a distance operation unit (623) which computes a comparison array (1110) including a plurality
a distance between the sampled radio-frequen- 45 of comparators which respectively correspond
cy signals, using the output of the absolute value to the plurality of the counters and which com-
operation unit (621) and an output of the third pares a counter value of each of the counters
delayer (622); and with the predetermined threshold of the corre-
a logic circuit (629) which accumulates 1T be- sponding run-length region;
tween zero crossing points and detects the run- 50 a logic table (1120) which selects and outputs
length signal, using the output of the XOR gate one of a plurality of predetermined frequency
(613) and an output of the distance operation errors stored in the table in response to signals
unit (623), where 1T denotes a period of the output from the comparators of the comparison
sampling clock of the optical disc reproducing array; and
55

a multiplexer (1130) which transmits a signal
output fromthe logic table (1120) as the frequen-

16. The frequency detector of claim 15, wherein the logic
circuit (629) comprises:

cy error when the edge counter provides an out-
put enable signal for controlling the frequency

11
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detection period.

19. A frequency detector for an optical disc reproducing

system, comprising:

a run-length signal detecting unit (1201) which
detects high-frequency run-length signals from
a sampled radio-frequency signal, based on a
predicted distribution density of run-length sig-
nals;

a counter (1203) which counts the high-frequen-
cy run-length signals detected by the run-length
signal detecting unit (1201) in a frequency de-
tection period,;

an edge counter (1202) which counts passing
edges of the sampled radio-frequency signal
and controls the frequency detection period ac-
cording to the counting result; and

a frequency error generating unit (1204) which
generates a frequency error in the frequency de-
tection period using a counter value output from
the counter (1203) and a predetermined predict-
ed value.

20. The frequency detector of claim 19, wherein the run-

length signal detecting unit (1201) comprises:

azero crossing point detecting unit (1310) which
detects a zero crossing point of the sampled ra-
dio-frequency signal;

a run-length signal detecting unit (1320) which
detects run-length signals from the sampled ra-
dio-frequency signal; and

an enable signal generating unit (1330) which
generates an enable signal based on whether
the high-frequency run-length signal is detected
as compared to other run-length signals, using
acomparison of aleastupperbound and agreat-
est lower bound determined based on the high-
frequency run-length signal with the detected
run-length signal, and a signal output from the
zero crossing point detecting unit (1310).

21. The frequency detector of claim 19 or 20, wherein

the frequency error generating unit (1204) compris-
es:

a subtracter (1401) which subtracts the counter
value, which is output from the counter (1203),
from the predetermined predicted value;

an amplifier (1402) which amplifies an output of
the subtracter (1401) to a predetermined value;
and

a multiplexer (1403) which transmits an output
of the amplifier (1402) as the frequency error
when the edge counter (1202) transmits an out-
put enable signal for controlling the frequency
detection period.
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The frequency detector of claim 19, wherein the high-
frequency run-length signal comprises a high-fre-
qguency run-length used in a Blue-ray type optical
disc reproducing system.

The frequency detector of claim 19, wherein the high-
frequency run-length signal comprises a high-fre-
quency run-length used in a high definition digital
versatile disc (HD-DVD) type optical disc reproduc-
ing system.

A method of detecting a frequency error suitable for
use in an optical disc reproducing system, the meth-
od comprising:

dividing a run-length region, in which a run-
length signal is to be detected, into at least two
run-length regions based on a predicted distri-
bution density of run-length signals (1501);
detecting run-length signals from a sampled ra-
dio-frequency signal according to each divided
run-length regions (1502);

counting the run-length signals detected in each
divided run-length region; and

selecting and outputting a frequency error in the
frequency detection period from a plurality of
predetermined frequency errors, based on a
comparison of a number of run-length signals
counted in each divided run-length region and
a predetermined threshold of each run-length
region (1504, 1505).

A method of detecting a frequency error suitable for
use in an optical disc reproducing system, the meth-
od comprising:

detecting high-frequency run-length signals
from a sampled radio-frequency signal, based
on a predicted distribution density of run-length
signals including high-frequency and other run-
length signals (1603);

counting the high-frequency run-length signals
detected in a frequency detection period to pro-
duce a counting result (1602); and

generating a frequency error in the frequency
detection period, using the counting result and
a predicted value of the high-frequency run-
length signal (1603).

The method of claim 25, wherein the generation of
the frequency error comprises generating the fre-
guency error based on a result obtained by subtract-
ing the counting value from the predicted value.

A frequency detector for an optical disc reproducing
system, comprising:

a run-length signal detecting unit (320) which
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detects lengths of run-length signals of a sam-
pled radio-frequency signal and separates the
run-length signalsinto corresponding run-length
regions according to the detected lengths;

a plurality of counter units (330_1-330_n) cor-
responding to the number of run-length regions
to generate a counting result, each counter unit
to count the detected run-length signals sepa-
rated into the corresponding run-length region
to provide a region counting result included in
the counting result; and

a frequency error generating unit (340) which
generates a frequency error using the counting
result.

28. The frequency detector of claim 27, wherein:

the run-length regions comprise a first run-
length region corresponding to run-length sig-
nals having a first length, and a second run-
length region corresponding to run-length sig-
nals having a second length other than the first
length,

the run-length signal detecting unit (320) sepa-
rates the run-length signals having the first
lengthinto the first run-length region and the run-
length signals having the second length into the
second run-length region according to the de-
tected lengths, and

the plurality of counter units comprises a first
counter unit (330_1) which counts the detected
run-length signals separated into the first run-
length region to provide a first region counting
result included in the counting result, and a sec-
ond counter unit (330_n) which counts the de-
tected run-length signals separated into the sec-
ond run-lengthregionto provide asecond region
counting result included in the counting result.

29. The frequency detector of claim 27, wherein:

the run-length regions includes first through n
run-length regions corresponding to run-length
signals having first through n lengths, where n
is a maximum run length includable in the radio
frequency signal,

the run-length signal detecting unit (320) detects
the first through n lengths of the run-length sig-
nals and separates the run-length signals into
corresponding first and n run-length regions ac-
cording to the detected lengths, and

the plurality of counter units (330_1-330_n)
comprises first through nth counter units to gen-
erate the counting result, where the first counter
unit counts the detected run-length signals sep-
arated into the first run-length region to provide
a first region counting result included in the
counting result, and the second through nth
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counter units (330_2-330-n) count the corre-
sponding detected run-length signals separated
into the second through nth run-length regions
to provide corresponding second through nth re-
gion counting results included in the counting
result.

The frequency detector of claim 29, wherein n cor-
responds 11T run lengths.

The frequency detector of claim 29, wherein n cor-
responds 8T run lengths.

The frequency detector of claim 27, wherein the fre-
guency error generating unit (340)compares the re-
gion counting results for the run-length regions with
a preselected profile of expected region counting re-
sults to detect a comparison result, and generates
the frequency error according to the detected com-
parison result.

The frequency detector of claim 32, wherein the fre-
guency error generating unit includes:

a memory which stores, for each potential com-
parison result, a frequency error, and

a frequency error unit which detects the com-
parison, selects from the memory one of the fre-
guency errors corresponding to the comparison
result, and outputs the selected frequency error.

A method of detecting a frequency error in an optical
disc reproducing system, comprising:

detecting run-length signals from a sampled ra-
dio-frequency signal;

assigning each of the detected run-length sig-
nals one of a plurality of run-length regions hav-
ing a length corresponding to the detected run-
length signals;

counting the run-length signals detected in each
run-length region; and

outputting a frequency error based on a com-
parison of a number of run-length signals count-
ed in each run-length region.

An optical recording and/or reproducing apparatus
including the frequency detector of claim 29, wherein
n corresponds to the maximum run length of an op-
tical recording medium reproduced by the appara-
tus.

An optical recording and/or reproducing apparatus
including the frequency detector of claim 27, wherein
the number of run-length regions and the number of
counter units correspond to a maximum run length
of an optical recording medium reproduced by the
apparatus.
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37. An optical recording and/or reproducing apparatus
including the frequency detector of any one of claims
1-23, 27-33.
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